As computing becomes ubiquitous and pervasive, computing is increasingly becoming an extension of human, modifying or enhancing human experience. Today's car reacts to human perception of danger with a series of computers participating in how to handle the vehicle for human command and environmental conditions. Proliferating sensors help with observations, decision making as well as sensory modifications. The emergent semantic web will lead to machine understanding of data and help exploit heterogeneous, multi-source digital media. Emerging applications in situation monitoring and entertainment applications are resulting in development of experiential environments.
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Foreword
In order to stay competitive today, each company must be able to react fast to changes within its business environment. At the IT level this demands high flexibility of the application systems supporting the operation of the company and the cooperation with its partners. A key contributor to this high flexibility is "loose coupling" between these application systems as well as between the ingredients of each application system itself. Loose coupling basically means that interacting components make as few assumptions about each other as possible: the fewer assumptions made the easier it is to exchange one component by another without even noticing. Ultimately, a component providing certain required functionality can be discovered and used as late as when this functionality is actually needed. Such a component is said to behave like a "service".
The discipline of building systems based on such services is referred to as "service-oriented computing". The corresponding architectural style is called "service-oriented architecture": fundamentally, it describes how service requesters and service providers can be decoupled via discovery mechanisms resulting in loosely coupled systems. In practice, the various services reside in different environments, i.e. run on different machines, under different environments, are accessible via different transport protocols etc. Thus, implementing a service-oriented architecture means to deal with heterogeneity and interoperability concerns. These concerns must be addressed by appropriate standards and their implementation: both are subsumed by the term "Web services".
Consequently, the book at hand is concerned with topics from the area of building systems in a loosely coupled manner in order to support companies to stay competitive: this emphasizes the importance of the overall subject area the book is devoted to. The overarching theme addressed by each of its chapters is that of semantics, i.e. of "meaning": how can that what a service does be appropriately described, and how such a description can be exploited to build service-oriented systems -in order to significantly increase quality of discovery of appropriate services. These subjects will become more and more important as Web services become a mainstream in software construction.
Standards combining semantics and Web service technology will then play a key role, especially in heterogeneous environments. Recently, specifications for standards in this domain have been submitted to standard bodies. Key contributors to these specifications are amongst the authors of the book at hand. Thus, readers of the book will get first hand information about the details of the standards from the domain of "semantic Web services".
The book provides the basic background for various communities. Practitioners will enjoy the sections describing some applications of semantic Web services technologies and the impact of semantics on business processes. Researchers will find encouragements to consider semantic Web service technology in their areas of expertise. Lecturers will get a lot of material for teaching the subject area in advanced undergraduate as well as postgraduate courses. Students will be able to use the book as a textbook to get an overview of this new aspect of service-oriented computing. All readers will benefit from the questions closing each chapter to help readers to assess and deepen their comprehension of the subject area. Finally, I found the recommendations for further reading very helpful to quickly get information about special subjects of interest.
I wish that the book will get the attention it really deserves, and that readers of this book will enjoy reading it as much as I did.
Institute of Architecture of Application Systems University of Stuttgart, Germany February 2006
Frank Leymann Preface Chapter 1 discusses the evolution of tlie Web. The semantic Web is not a separate Web but an extension of the current one, in which information and services are given well-defined meaning, thereby better enabling computers and people to work in cooperation. To make possible the creation of the semantic Web the W3C (World Wide Web Consortium) has been actively working on the definition of open standards. These standards are important to define the information on the Web in a way that it can be used by computers not only for display purposes, but also for interoperability and integration between systems and applications resolving heterogeneity problems. Heterogeneity occurs when there are differences in syntax, representation, and semantics of data. Dealing with heterogeneity has continued to be a key challenge since the time it has been possible to exchange and share data between computers and applications. One approach to the problems of semantic heterogeneity is to rely on the technological foundations of the semantic Web. In this chapter we also present the state of the art of the applications that use semantics and ontologies. We describe various applications ranging from the use of semantic Web services, semantic integration of tourism information sources, and semantic digital libraries to the development of bioinformatics ontologies.
In chapter 2, we attempt to point the reader to existing work in the areas of semantic annotation. Creating semantic markup of Web services to realize the vision of Semantic Web services has received a lot of attention in the recent years. A direct offshoot has been the development of agent technologies that can utilize these annotations to support automated Web service discovery, composition and interoperability. The issues that need to be addressed in the context of annotation of Web services are quite different from traditional Web resource annotation frameworks and therefore deserve particular attention. This chapter covers different types of metadata, semantic annotation of Web resources and Web services in particular, types of semantics used in Web service annotation, current semantic web service efforts including OWL-S, WSMO and WSDL-S and some Semantic annotation tools and platforms.
Chapter 3 introduces and provides an overview of the Web Services Modeling Ontology (WSMO), a fully-fledged framework for Semantic Web Services (SWS), showing a reader practical examples aimed at explaining the application of WSMO concepts to a real world scenario. Existing Web Services specifications lack an appropriate semantic framework to allow for the automated execution of current business processes over the Web. SWS technology aims to add enough semantics to the specifications and implementations of Web Services to make possible the automatic integration of distributed autonomous systems, with independently designed data and behavior models. Defining data, behavior and system components in a machine understandable way using ontologies provides the basis for reducing the need for humans to be in the loop for system integration processes. The application of semantics to Web Services can be used to remove humans from the integration jigsaw and substitute them with machines. There are many problems which Semantic Web Services could be used to resolve. SWS will put in place an automated process for machine driven dynamic discovery, mediation and invocation. One of the major intentions of this chapter is to present the technological framework for SWS development around WSMO. We discuss and present some of the key technologies related to the conceptual framework of WSMO, especially the Web Services Modeling Execution Environment (WSMX), which is its reference implementation.
In chapter 4, we discuss the various discovery and publishing schemes available for Web Services. We present a detailed analysis of UDDI, the standard registry framework for publishing services. The API for publishing and discovering services using UDDI is discussed briefly. We present the best practices in using UDDI as discussed in the OASIS Best Practices document. The differences, advantages and disadvantages of keyword, port type and semantics based discovery are presented. The chapter also introduces the reader to the different flavors of semantics in Services life cycle. An approach to publish and discover semantic Web Services is presented. As an insight into the current research, we discuss registry federation towards the end.
In chapter 5, we propose a methodology to compositionally augment the semantic description of a reactive service, with temporal properties that provide the required support for reasoning about "ongoing" behavior. The properties are specified in Interval Temporal Logic, our underlying formalism for reasoning about service behavior over periods of time. These properties are specified only over observable behavior, and do not depend on any additional knowledge about the underlying execution mechanism of the services. We present "TeSCO-S", a framework for enriching Web service interface specifications, described as OWL ontologies with temporal assertions. TeSCO-S provides an OWL ontology for specifying properties in ITL, a pre-processor, "OntoITL" for transforming ontology instances into ITL formulae and an interpreter, "AnaTempura" that executes and validates temporal properties in "Tempura", an executable subset of ITL Chapter 6 presents the main ideas and principles behind service choreography. Services need to interoperate with each other in order to realize the purposes of the software system they define by exchanging messages, which allow them to make or to respond to requests. Due to the heterogeneous technological, syntactic and semantic nature of services realizing semantic web processes, communication requirements become more complex, clearly necessitating a balance among interoperation and decoupling. In the context of providing support for choreography (i.e. the modeling of external, visible behavior of service interactions), a semantic layer could be supposed to provide the required convertibility between divergent specifications by the specification in machine-processable form of the message exchanging patterns (MEP). This chapter carefully reviews the main initiatives in the field pointing out their core characteristics and main drawbacks. Taking as starting point this analysis, the major driving principles and desire features, when it comes to modeling choreographies, are identified. Later, the most relevant challenges in the field, separation of models and support for semantic mediation are discussed. Based on this theoretical work, the core principles and architecture of a choreography engine that relies on the semantic description of MEPs to allow interoperation among heterogeneous services is presented. Finally, the concepts depicted on the framework as applied in the Assurance Integration Use case hosted by BT and part of the EU-funded project DIP are presented.
Chapter 7 focuses on the design of semantic web processes using WSDL-S. Many businesses are adopting Web Service technologies to provide greater access to their applications. Due to the fast-paced ECommerce requirements, more and more businesses prefer to only creating their core applications, and outsourcing the non-critical applications, or making use of their partners' applications directly. There is a growing requirement to build complex processes which may include Web Services supplied by the different partners. However, there are two main difficulties in building such Web Processes: 1) the current syntactic search mechanism is ineffective to find out the highly suitable services and 2) there are not many process designing tools which allow dynamic binding of partner services. In this chapter, we present a solution for both the problems based on WSDL-S.
Chapter 8 discusses the composition of Web services based on nonfunctional properties. Web services are modular applications that can be described, located and invoked on the Internet. A user request may not only correspond to one specific service, but also to a set of Web services. Thus, it is necessary that a composition of services be done in order to obtain the expected result. Nonetheless, many services with the same goal but different characteristics can be discovered. Indeed, it is necessary to find nonfunctional criteria to distinguish them. In this chapter, we used the service quality variables as non-functional criteria in order to make an optimal service composition for a goal. Using multiobjective optimisation techniques, we proposed to find a set of optimal Pareto solutions from which a user can choose the most interesting tradeoff.
Chapter 9 motivates the need for semantic matching in different application domains and presents the generic matching framework. A semantic revolution is happening in the world of enterprise information integration. This is a new and emerging field that blurs the boundaries between the traditional fields of business process integration, data warehousing and enterprise application integration. Information integration is the process by which related items from disparate sources are integrated to achieve a stated purpose. There is a need for bridging the semantic gap between the descriptions in order to make true information integration feasible. The field of semantic matching and mapping has now emerged as a new and exciting field to address these problems of semantic mismatch of descriptions using automated relationship discovery techniques. Since the schemas arise from many applications, a generic framework for matching and mapping is needed. In this chapter, one such framework based on bipartite graph matching is described. This framework allows the best set of matching to be discovered using a variety of cues to determine semantic similarity of attributes ranging from name semantics to type and structural similarity. Related literature is reviewed.
Chapter 10 illustrated and describes the construction an ontology for etourism. Tourism is a data rich domain. Data is stored in many hundreds of data sources and many of these sources need to be used in concert during the development of tourism information systems. Our e-tourism ontology provides a way of viewing the world of tourism. It organizes tourism related information and concepts. The e-tourism ontology provides a way to achieve integration and interoperability through the use of a shared vocabulary and meanings for terms with respect to other terms. The e-tourism ontology was developed using OWL (Web Ontology Language). OWL was proposed by the W3C for publishing and sharing data, and automating data understanding by computers using ontologies on the Web. OWL is being planned and designed to provide a language that can be used for applications that need to understand the meaning of information instead of just parsing data for display purposes.
In chapter 11 we give an account of one of the pilot projects that happened within the, now-called, Semantic Interoperability Community of Practice. In the last five years a number of significant developments have occurred that motivate the use of Semantic Technology in e-Govemment. In 2001, the US President announced 24 e-Govemment initiatives. In 2004 the Federal Enterprise Architecture (FEA) was first published. It is well-known that Semantic technology is an enabler for federation, mediation, aggregation and inferencing over information from diverse sources. Why then, not advocate its use for helping solve interoperability, integration, capability reuse, accountability and policy governance in agencies, across agencies and even across governments? With this vision, TopQuadrant set out in 2002 to bring Semantic Technology to the attention of the emerging technology work-groups of the US Government at their "Open Collaboration" Workshop meetings in Washington DC (Collaborative Expedition Workshops). What followed is a success story of growing awareness and advocacy of semantic technology in e-Govemment. In this chapter we describe the "eGOV FEA-Based Capabilities and Partnering Advisor", some coverage is also made of EEA-RMO, the Federal Enterprise Architecture Reference Model Ontology.
Chapter 12 discusses the application of Web services, Web processes and the role of semantics in the field of bioinformatics. Web services are being rapidly adopted as the technology of choice to share and integrate data and computational tools in life sciences. Web Services offers the life sciences research community the critical advantages of platformindependence and web-based access. Multi-step, complex processes characterize biological research. The automation of these processes is increasingly characterizing life sciences research and forms the framework for high-throughput experimental biology. In this scenario, it is nearly impossible for researchers to manually deal with extremely large and rapidly generated datasets. As the constituent stages of the experimental processes, are being implemented as Web Services, their integration into Web processes is a logical next step. The Semantic Web technology ensures that Web Services are implemented, published, searched and discovered in a standard and intuitive manner for researchers. Semantic Web also enables the seamless integration of Web Services into Web processes that will underpin a high-throughput experimental data management, analysis and retrieval framework. In this chapter, we discuss the use of Semantic Web technology in the field of bioinformatics. Specifically, we cover three areas of bioinformatics research namely computational genomics, computational proteomics and structural bioinformatics. An in-depth case study of implementation of a semantic Web Services based glycoproteomics workflow is also discussed.
Chapter 13 covers the design, development and deployment of semantic business services driven systems. Web Services is a proven effective approach for systems integration at a large scale, yet the prevailing diversity within a specific domain introduces many challenges. This chapter demonstrates how semantic Web Services based business process management system can be realized to address these challenges. The chapter explains the complexities of the business processes and introduces the issues involved to utilize the power of "Services" effectively. The semantics based approach is adopted with inclusion of an ontology development to cover all the concepts and their inter-relationship related to the problem domain. The development lifecycle contains other known building blocks like generation of Web Services, enabling service descriptions for semantic discovery, designing of a business process and finally the deployment of the business services. The objective is to provide a comprehensive experience of each building block to develop complete system that exhibit the required functionality.
In chapter 14 we present several frameworks supporting the programmatic development of OWL ontologies. We will briefly discuss those most used by the developer community, namely Jena, Protege-OWL API and the WonderWeb OWL API, which are all available for Java language. A more extensive description of the Jena framework will follow. The API of Jena is large and offers many possibilities. Since Jena supports several languages, there are interfaces for increasing levels of complexity; from simple RDF graphs to complex OWL ontologies. We further explain how OWL knowledge bases can be built up and modified programmatically, how Jena's query language (RDQL) is used and how reasoning and inference is carried out.
SUGGESTED COURSE STRUCTURE
This book is for people who want to learn about the main concepts behind semantic Web, semantic Web services and processes, current activities aimed towards future standardization and how they can be applied to develop real world applications. It brings together many of the main ideas of the semantic Web and Semantic Web services in one place. Although several researchers have contributed to elaborate this book, it has been designed so that it could be used as a textbook or a reference book for an advance undergraduate or graduate course. At the end of each chapter, questions for discussion and a list of suggested additional readings are provided.
The Web site for this book (a link to which you can find from the Web sites of book editors) lists the courses that have already adopted this book for graduate education. It also provides a variety of teaching aid including,
• presentations for majority of chapters prepared by book editors or chapter authors, compilation of answers to discussion questions, • pointers to the fee tools that can be used for exercise related to techniques, • technologies discussed in some of the chapters, and more.
The following list gives suggested contents for different courses at the undergraduate and graduate level:
• Beginner (generic, advanced undergraduate or graduate). Chapters 1, 10, and 14 provide the fundamental building blocks for developing semantic Web applications. Chapter 1 provides an overview on the technologies for building the semantic Web. A brief history of the Web and the concept of the semantic Web are explained. In order to have computers understand and automatically process Web contents, such contents cannot be within HTML or XML tags that are only humanunderstandable. Chapter 10 introduces the OWL language and serves as a good introduction before one reads the official OWL manual and OWL language guide. Chapter 14 introduces Jena, the Java toolkit for developing semantic Web applications based on W3C recommendations for RDF and OWL.
• Intermediate (undergraduate or graduate). Chapters 2, 3, 4, 6, 7, 11, and 13 introduce more advanced concepts and topics. Chapters 2, 3, 4, and 7 explain how semantics can be added to existing Web services standards, such as WSDL, and show how the Web Services Modeling Ontology (WSMO) provides ontological specifications for the main elements of semantic Web services using a conceptual model for developing and describing Web services and their composition based on the maximal de-coupling and scalable mediation service principles. Chapters 11 and 13 illustrate the role of semantics as an enabler for the interoperability, integration, mediation, and inferencing over information from diverse sources.
• Advanced (graduate or professional). An advanced student knows about semantics from past experience acquired while developing and implementing semantic Web applications involving Web services and processes. Chapter 5, 8, 9, and 12 introduce advanced topics where theory has an important role. For example, chapter 5 presents a formalism for reasoning about service behavior over periods of time is introduced. Chapter 8 and 9 discusses the composition of Web services based on non-functional properties using multi-objective optimization techniques and presents a generic framework for schema matching.
Chapter 12 discusses the application of Web services, Web processes and the role of semantics in the field of bioinformatics to share and integrate data and computational tools in life sciences.
The following figure shows the suggested reading plans that are recommended for the different readers.
